Restriction fragment length polymorphism (RFLP) analysis was performed on the internal transcribed spacer regions of 204 Sporothrix schenckii isolates and on one strain each of the related fungi, S. schenckii var. luriei, S. curviconia, S. inflata and Ceratocystis stenoceras. S. schenckii isolates, which have been collected from around the world, have already been typed according to their mitochondrial DNA (mtDNA), and are kept in the
Introduction
Sporothrix schenckii, a causative agent of sporotrichosis, exists in soil in a wide range of regions from tropical to temperate 1,2). S. schenckii has been identified morphologically, but this conventional method is limited in the differentiation of closely related fungi. It takes a great deal of skill to discriminate between S. curviconia, S. inflata, S. schenckii var, luriei and Ceratocystis stenoceras, which are all related. In 1970, Taylor3) asserted that morphological, serological and mouse virulence characteristics of a number of species of Ceratocystis, including C. stenoceras, cannot be discriminated from those of S. schenckii. These taxonomical problems have been resolved by molecular biological techniques 4-s).
Suzuki et al. 4 ) investigated mitochondrial DNA (mtDNA) restriction fragment length polymorphism (RFLP) of S. schenckii and several related fungi.
Based on their RFLP patterns, they reported 11 types of S. schenckii, 4 types of C. stenoceras out of 17 strains, 4 types of S. inflata out of 7 strains and 7 types of C. minor out of 7 strains.
All of these had different RFLP patterns to those of S. schenckii, making it possible to discriminate S. schenckii from them.
Also based on mtDNA RFLP analysis, Takeda et al. 5 part of a putative membrane transporter protein gene of 28 strains of S. schenckii whose mtDNA types are clear, and divided them into 3 types. His findings were compatible with those based on mtDNA-RFLP.
However, he investigated only a small number of strains and his findings are not geographically broad. Recently, analysis of the internal transcribed spacer (ITS) region of the nuclear rRNA gene (rDNA)11), which has been used to identify and clarify the phylogenetic relationship of Eumycetes, has been applied to dermatophytes12-15) and black fungi16, 17), amongst others. Mochizuki 15) has pointed out that ITS-RFLP analysis provided more detailed information than mtDNA-RFLP analysis of the Trichophyton mentagrophytes complex. Attili et al.16) typed Fonsecaea pedrosoi by their ITS-RFLP.
In this study, we used ITS-RFLP analysis to identify and type S. schenckii, to investigate its molecular epidemiology, and then we examined the phylogenetic relations between the types. EDTA, 250mM NaCl) and disrupted by a Handy Grinder (Kontes Glass Company, New Jersey, USA) for 10-15 sec. The mixture was kept at 100C for 5 minutes and, after addition of 150ul of 3M sodium acetate, allowed to stand at-20C for 10 minutes. After centrifuging at 12,000Xg for 5 min, the supernatant was transferred to a new tube, to which 400ul of phenol/chloroform was added. After agitation, the mixture was centrifuged at 19,000Xg for 15 min. Again, the supernatant was transferred to another tube, to which 400ul of chloroform was added and, again after agitation, the mixture was centrifuged at 19,000Xg for 15 min. This time, after transferring the supernatant to a new tube, an equal volume of propanol was added and, after mixing, the solution was centrifuged at 19,000Xg for 20 min, and the precipitate harvested. The precipitate was washed in 200ul of 70% ethanol, and dried at room temperature for 10 min. It was then dissolved in 30ul of ultra-pure water. The resultant solution of DNA was refrigerated and 2ul used as a template for PCR as described below.
Amplification
of rDNA by PCR PCR was performed using a Taq DNA polymerase kit (QIAGEN GmbH, Hilden, Germany) and the primer pair ITS1, ITS411 Restriction enzymes An approx. 600 by stretch of the ITS region of rDNA from I strain each of groups A (KMU 2500) and B (KMU 2052) as categorized by mtDNA, was sequenced. The software GENETYX-MAC ver. 10.1 (Software Development Co., Ltd., Tokyo, Japan) was used to select restriction enzymes that can detect differences between their sequences. Three restriction enzymes, Hae II, Apa I, NIaIII (TOYOBO, Osaka, Japan) capable of showing differences in bands of 50 by or more were then used for the RFLP analysis of all the strains in this study.
Restriction
enzyme analysis Five microliters of the PCR products was digested with each of the three restriction enzymes at 37C for 2 h, according to the manufacturer's instructions. The digested products were subjected to electrophoresis on 5 acrylic amide gel for 40 min, stained with ethidium bromide, and visualized under UV light. The procedure to obtain the bands took about 8h. After PCR using the primers ITS5, ITS2, ITS3 and ITS411) with a BigDye Terminator Ready Reaction Kit ver. 2.0 (Applied Biosystems, Foster City, USA) we used an ABI Prism 310 Genetic Analyzer (Applied Biosystems) to read the base sequences.
We aligned the base sequences using GENETYX MAC, then refined the alignments manually. Based on the alignments, we constructed the phylogenetic tree by the NJ method using GENETYX-MAC, taking into account the gaps (inserted or deleted bases).
Results

Digestion with Restriction
Enzymes With Hae II, the 204 strains each gave one of two RFLP patterns: H-1 with 300, 120 and 100 by bands or H-2 with 300, 200 and 120 by bands. (Fig. 1) . These were in agreement with the expected lengths (KMU 2500: 301, 113, 108 N-1 with 360, 130, 80 and 50 by bands, N-2 with 360 and 130 by bands and N-3 with 360, 190 and 80 by bands (Fig. 2) . With Apa I, the strains gave 3 RFLP patterns:
A-1 with 280, 170 and 160 by bands, A-2 with 280, 170 and 130 by bands, and A-3 with 300, 170 and 160 by bands ( Fig. 3) . Table 2 shows the precise band sizes obtained from the base sequences.
Taking together the RFLP patterns from all With all three restriction enzymes, S. schenckii, S. schenckii var. luriei, S. curviconia, S. inf lata and C. stenoceras each gave a different ITS-RFLP pattern (Fig. 4) , making it possible to discriminate S. schenckii from the others.
Genetic
Sequence Sequences of about 620 by comprising the end part of the SSUrRNA gene, ITS 1, 5.8S rRNA gene, ITS2, and the beginning of the LSUrRNA gene, together with the information about the strains, were registered in GenBank. The accession numbers are listed in Table  1 . The numbers of different (substituted, inserted or deleted) bases between each mtDNA type are listed in Table 3 . The difference among rDNA type I strains was 0-8 bases or 1.3 maximum.
The difference between the rDNA type I and the rDNA type II strains was 1-6 bases or 1.0% maximum, and the difference between the rDNA type I and the rDNA type III strains was 4-8 bases or i.3% maximum. The sequences of the 620 bases of the 4 rDNA type IV strains were completely identical, except for a single base insertion in 1 strain. The number of different bases between rDNA type IV and rDNA types I, II and III was 18-21, and so the maximum difference between the S. schenckii strains was 3.2%. The maximum difference between C. stenoceras and S. schenckii was 10%.
Phylogenetic tree In the phylogenetic tree based on the base sequences, the 23 strains belonging to rDNA type I, rDNA type II, and rDNA type III formed a Glade on a large branch.
Of these mtDNA type 11 was on the same branch as mtDNA type 23, and mtDNA type 3 was on the same branch as mtDNA type 19 (Fig. 5 ). The 5 rDNA type IV strains occupied another Fig 
